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The J-shaped relationship between average daily consumption of alcohol and both heart disease 1 and stroke 2 reminds us that health promotion messages aimed at reducing risks that are mirror images of epidemiological findings regarding increased risk may be too simplistic. We therefore conducted a populationbased case-control study to measure the association between coronary risk and a number of key or sentinel elements of a prudent lifestyle that are simple, safe, and almost universally applicable as goals for health promotion.
In addition, the data from healthy control subjects would also reflect the extent to which the relevant health messages had already been adopted in the general community and would reveal the subgroups of the population that have been slowest to respond to health promotion activities already in place. This is important information for refining those activities in the future.
Methods

Study population
Potentially eligible cases were male residents of the Perth Statistical Division of Western Australia aged 27-64 years (mean age = 54 years) who were admitted to the coronary care units of the three adult teaching hospitals in Perth during 1992 and 1993. 3 Only the 336 men with a first-ever AMI, as indicated by their medical records, who survived for at least 28 days, were eligible to participate in the study. These men completed a postal questionnaire in 1995 covering aspects of their lifestyle prior to having their AMI as well as demographic variables (see below). Linkage of hospital records to official mortality statistics showed that 135 men had died in the time between having their AMI and the postal survey. The next-of-kin were identified for 100 of these men and were sent a shortened version of the questionnaire to complete.
The response fraction was 85% (after adjustment for those for whom current addresses could not be found) for the cases thought to be alive at the beginning of the survey (313 men) and 34% (after adjustment) for the deceased cases for whom the next-of-kin could be contacted (23 men) . Previous studies 3 indicate that 96% of cases of non-fatal AMI in males of working age in Perth are managed in the three teaching hospitals from which the present cases were identified.
The control subjects were 735 male participants in a survey of cardiovascular risk factors conducted during May-November 1994 according to the protocol developed for the Risk Factor Prevalence Study undertaken by the National Heart Foundation of Australia. 4 The sampling frame for this survey was all those aged 25-69 years who were resident in the Perth Statistical Division and were enrolled to vote. Enrolment to vote is compulsory for all citizens and permanent residents of Australia. The small proportion (Ͻ5%) of male participants in the survey who reported having sustained an AMI in the past was removed from the control group. As well as having their weight, height, waist, hips, blood pressure, cholesterol and triglycerides measured, participants in the survey were asked to complete a similar questionnaire to the cases (see below) whilst in the survey clinic. The response fraction was 72% including 8% who could not attend the clinic but agreed either to a home visit or to complete a postal questionnaire.
Questionnaire
Cases and controls completed an almost identical self-administered questionnaire. The controls were asked to relate the questions to the time at which the questionnaire was answered while the cases were asked about details just prior to their AMI. The controls had the benefit of assistance from clinic staff, if requested, whereas the cases were sent their questionnaires by post but were supplied with a contact telephone number if they had any queries.
Each man completed the Short Fat Questionnaire, a previously validated instrument 5 that provides an estimate of the proportion of calories obtained from saturated fat. Questionnaires concerning deceased men contained only two items for which fat content could be calculated (removal of skin from chicken and type of milk used), yielding scores from 0 to 5. Therefore a pro-rata method was used to calculate the proportion of calories derived from saturated fat for the deceased men. Categories for consumption of alcohol were created with reference to the National Health and Medical Research Council recommendations for 'responsible drinking behaviour'. 6 Vigorous exercise was defined as that causing the man to breathe harder or to puff or pant. 4 Present and past type and level of smoking were sought, along with age of starting to smoke, if relevant. Each man was also asked about the number of years out of the previous ten that he had been exposed to environmental tobacco smoke, and the number of hours of exposure in a usual week. In addition, the questionnaire covered previous medical history, current heart-related treatment, selfreported height and weight and length of residence in Western Australia.
Statistical methods
The data for all cases and controls were initially reviewed using SAS software to produce frequency tables. 7 To ensure that any apparent differences between living cases and controls would be minimized, missing values were identified and recoded to values associated with the healthiest lifestyle.
Univariate comparisons, adjusting for 5-year age group, and reverse stepwise multivariate logistic regression were then performed using EGRET software. 8 
Population attributable proportions
Population attributable proportions were calculated by determining the number of AMI in each group defined by age that were mathematically attributable to a particular exposure, on the assumption that the exposure caused the disease. The figures for all strata of age were added and the total divided by the total number of AMI observed. Algebraically, this may be expressed as:
where n i is the number of AMI occurring in a particular age group, p i is the proportion of control subjects in that group reporting exposure, and OR is the age-adjusted odds ratio for the risk factor derived from a multivariate logistic model. We estimated the 95% CI for a population attributable proportion by repeating this calculation using the 95% CI of the relevant OR. 2
Ethical considerations
The Committee for Human Rights of the University of Western Australia and the Confidentiality of Health Information Committee of the Health Department of Western Australia approved the protocol for the study.
Results
Univariate analyses
Data for 336 cases of AMI and 735 control subjects were included in the univariate analysis of individual risk factors. Differences in the distribution of ages of cases and control subjects, related to the sampling strategy for the survey of the latter, required that univariate analyses be adjusted for age group (in six strata). Table 1 shows that, as expected, the risk of AMI increased with age. There were significant protective effects associated with infrequently or never adding salt to food after cooking, eating less meat and trimming off the visible fat, removing the skin from poultry, eating fish at least occasionally and habitual use of reduced fat or skim milk. Men whose score on the Short Fat Questionnaire was below the median for control subjects had half the risk of AMI compared with the remainder. Table 2 shows that moderate consumption of alcohol, up to a maximum of four drinks per day, was associated with a significant reduction in risk, and a protective relationship was evident even in occasional drinkers. Current smokers had more than double the risk of AMI compared with both ex-smokers and lifelong non-smokers. Overall, men who had not been exposed to environmental tobacco smoke at home, work, socially or in cars in the previous 10 years had a risk of AMI that was 30-40% lower than that of men who had been passive smokers. When these analyses were limited to men who had never smoked, those who had completely avoided environmental tobacco smoke had a significantly reduced risk, but none of the four setting-specific OR was significant. Regular participation in either vigorous or non-vigorous exercise was significantly protective-almost one-quarter (24%) of the cases did no exercise at all (leisure or work) in the month before their AMI, compared with 14% of the controls being completely inactive in the month before the survey.
Body mass index was calculated using self-reported weight (in kg) divided by the square of self-reported height (in m). Having a body mass index of less than 26.0 (classified as acceptable weight or underweight 4 ) was associated with a significant protective effect, compared with men who were overweight or obese.
Multivariate model
The final multivariate model for all cases and controls is summarized in Table 3 . As expected, not all of the significant relationships apparent from the age-adjusted univariate analyses are still seen here.
From the dietary factors, habitual removal of the skin from chicken, eating fish at least sometimes, use of reduced fat or skimmed milk and trimming the visible fat from meat all failed to be retained in this model. By contrast, a low frequency of adding salt to food after cooking, a low score for amount of saturated fat in the diet and a low frequency of eating meat were still associated with significant protective effects.
Other behavioural risk factors shown to be significantly protective were drinking alcohol regularly and not being a current smoker. However, avoidance of passive smoking failed to be retained in the model. Regular non-vigorous exercise undertaken for health and fitness and not being overweight (body mass index Ͻ26.0) were associated with a significantly lower risk of AMI whereas a history of hypertension or diabetes, current treatment for angina and following a diet to lower cholesterol all marked significant increases in risk. From the demographic factors, only age was associated with the risk of AMI. A separate model that omitted control subjects who were currently being treated for angina yielded a similar pattern of results. Table 4 shows the prevalence in controls and the population attributable proportions associated with each of the risk factors in the final multivariate model. For example, in terms of attributable proportion, the most important dietary variable was the frequency of eating meat. One in eight of the control subjects reported eating meat at least three times per week, and this was implicated in 18% of cases of AMI in the community.
Population attributable proportions
Assessed in the same way, the most important behavioural variable was lack of participation in non-vigorous exercise such as walking. The risk associated with this exposure was modest, but it was very widespread and therefore statistically was associated with a greater proportion of the community-wide incidence of AMI than were factors such as hypertension or diabetes mellitus. By the same token, being overweight or obese was found to be so common in the Australian community that it was implicated in over one-fifth of AMI. 
Discussion
It has been said that in an ageing community beset by chronic degenerative diseases, it is at least as important to 'add life to years' as to 'add years to life'. 9 The quest, therefore, is not only to prevent premature deaths but also to prevent or at least to delay the onset of impairment and disability in order to minimize handicap. Since a great deal is already known about the effect of lifestyle factors on health, and about the biochemical and physiological mechanisms that underlie these relationships, the task facing us lies as much in applying what is already known as it does in discovering more. In Australia, mortality from ischaemic heart disease has fallen more than 50% since 1968, 10 but diseases of the heart and arterial system still account for over 40% of deaths, and for a considerable proportion of expenditure on health services, as well as being a major cause of disability and handicap. For example, follow-up of the Perth MONICA register, a populationbased study of acute coronary events in people of working age, showed that one-third of males who were in full-time employment at the time of their first-ever infarction and who survived the initial episode, did not return to work. (Czarn A, unpublished observations, 1992). The aim of our study was to explore the scope for further reduction in this burden of morbidity and handicap, but instead of concentrating on intermediate and potentially explanatory variables such as blood pressure and serum cholesterol, our primary focus was on aspects of lifestyle and behaviour that would translate directly into simple messages for health promotion and health education.
Broadly speaking, our results accord with previous observations regarding the association with AMI of dietary fat, 11 alcohol, 1 tobacco, 1 exercise, 12 hypertension, 13 angina, 14 cholesterol, 15 diabetes 16, 17 and relative body mass. 17 All these factors remained in the final statistical model as well as the additional variables relating to use of salt and the consumption of meat.
The consistency of our results with those in the literature suggests that our methods were fundamentally valid. Indeed, apart from the fact that our study was limited to men who survived to at least 28 days after their AMI, it is unlikely that there was any selection bias with regard to our cases of firstever infarction as these were obtained from a population-based register of men attending any public hospital in the study area and the original sampling frame for control subjects was also population-based. Like many case-control studies, our results might partly reflect recall bias but use, wherever possible, of identical questionnaire items for cases and controls should have minimized differential errors in measurement and wellestablished multivariate methods should have controlled statistical confounding in our results.
Overall, our data suggest that substantial further reductions in morbidity from ischaemic heart disease could be seen in Australia if larger proportions of the population could be persuaded to adopt and maintain a number of simple habits such Adding salt to food as not adding salt to their food, reducing saturated fat in their diet, eating meat less often, walking regularly and avoiding passive exposure to tobacco smoke. The increase in the proportion of the population reporting that they did not add salt to food was the single largest change observed in the series of three surveys of risk factors for cardiovascular disease conducted by the National Heart Foundation in Australian capital cities during the 1980s. [18] [19] Assuming this did translate into a reduced intake of sodium, there are likely to have been small but potentially important effects on average blood pressure in the population. 20 There are few data available on trends in consumption of meat in Australia, but meat is a principal source of fat in the adult diet 21 and our data show that many men are also continuing to eat the fat on meat. Similarly, there are no adequate longitudinal data on passive smoking, although downwards trends can be inferred from changes in the prevalence of active smoking 22 and from the adoption of smoke-free policies in many workplaces and public places in Australia during the 1980s. 23 For relevant individuals, giving up smoking and maintaining weight within the acceptable range for one's height stand to make important contributions to one's own coronary health as well as to that of the community in general. Unfortunately, after almost two decades of unbroken declines, the prevalence of active smoking among Australian adults has remained static during the 1990s, 22 while average body mass index increased throughout the 1980s. 19 Many of the behaviours shown in our study to be associated with a reduced risk of AMI are simple, inexpensive, most unlikely to cause harm and potentially could become permanent features of the lifestyle of a very large proportion of the population. As Geoffrey Rose has pointed out, 24 many people will have to make small changes if the community as a whole is to reap the very considerable potential benefits in terms of the primary prevention of coronary disease that we have identified. Encouraging these changes via health promotion campaigns will assist this process, but progress in particular areas is likely to be more certain and substantial if governments take an active role in modifying environments such that they encourage prudent behaviour. Relevant examples include provision of well-designed and safe facilities for pedestrians and cyclists, subsidizing aids to cessation of smoking that are of proven efficacy, and making smoke-free policies mandatory in all workplaces and confined public places. Such initiatives require enlightened leadership and some financial investment, but our results suggest that even in a country where mortality from ischaemic heart disease has fallen by half in the space of a generation, there are very significant savings to be made in terms of both personal suffering and reduced costs to the community.
